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one or more episuHide groups and/or epaxy groups in 
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The cornposition for a resin comprising a sulfur- 
containing compound exhibits an excellent balance 
between a refractivity index and an Abbe number and 
has a large impact resistance. 
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Description 

BACKGROUND OF THE INVENTION 
s 1 . Field of the Invention 

[0001] The present invention relates to a composition for a resin which is advantageously used tor optical materials, 
such as plastic lenses, prisms, optical f toers, substrates of information recording materials and filters, particularly as a 
material of plastic lenses of glasses. 

10 

2. Description of the Related Arts 

[0002] Plastic materials have widely been used as various optical materials, particularly as lenses of glasses, 
because of light weight, toughness and easiness of tinting. The properties required for optical materials, particularly for 

is lenses of glasses, are a low specific gravity, optical properties such as a large refractive index and a large Abbe number 
and physical properties such as high heat resistance and large strength. A large refractive index is important to 
decrease thickness of a lens. A large Abbe number is important to decrease chromatic aberration of a lens. High heat 
resistance and large strength are important to facilitate fabrication and also from the standpoint of safety 
[0003] As conventional materials having a large refractive index, thermosetting optical materials having a 

20 thiourethane Structure which are obtained by the reaction of a polythiol compound and a polyisocyanate compound 
have been proposed (Japanese Patent Publication Heisei 4 (1992) -584 89 and Japanese Patent Application Laid-Open 
No. Heisei 5( 1 993)- 1 48340). Technology to obtain a lens by polymerization of an epoxy resin or an episulf kJe resin with 
a multi-functional compound has also been proposed in the specifications of Japanese Patent Application Laid-Open 
Nos. Heasei 1(1989) 9361 5 and Heisei 3(1991) 81320 and International Publication No. wo8910575. Of course, optical 

26 materials having further large refractive indices are desirable. 

[0004] A small chromatic aberration is another important property required for an optical material. The larger the Abbe 
number, the smaller the chromatic aberration- Therefore, a material having a large Abbe number is also desirable. Thus, 
a material having a large refractive index and a large Abbe number is desired. 

[0005] However, the Abbe number tends to decrease with increase in the refractive index. Plastic materials obtained 
30 from conventional compounds have the maximum Abbe number of about 50 to 55 when the refractive index is 1 .50 to 
1.55, about 40 when the refractive index is 1.60 and about 31 when the refractive index is 1.66. When the refractive 
index is forced to increase to 1.70. the Abbe number decreases to 30 or less and the obtained material cannot practi- 
cally be used. 

[0006] Moreover, in the case of conventional materials, particularly materials having a thiourethane structure, the 

.is molecular weight of a sulfur-containing compound used as the raw material must be increased to achi eve a large retrac- 
tive index and this decreases crosslinWng density. The content of alkyl groups must be increased to achieve a large 
Abbe number and this decreases rigidity of molecules of raw material compounds. As the result, drawbacks such as 
decrease in heat resistance arise. In other words, the refractive index of conventional optical materials obtained from 
episutfide compounds, polythiol compounds and isocyanate compounds can be increased only to a limited degree. 

40 Moreover, an increase in the refractive index decreases the Abbe number. Therefore, an advantageous balance 
between a large refractive index and a large Abbe number cannot be achieved by conventional optical materials. 
[0007] To solve the above problems, the present inventors discovered novel sulfur-containing compounds having an 
episutfide structure from which optical materials having a small thickness and a decreased chromatic aberration can be 
obtained (Japanese Patent Application Laid Open Nos. Heisei 9(1 997) -110979 and Heisei 9( 1 997 )-7 1580). The 

45 present inventors further discovered resin compositions which give optical materials showing improved oxidation resist- 
ance and tint performance from those of optical materials obtained by curing the above sulfur -containing compounds 
by polymerization {Japanese Patent Application Nos. Heisei 9(1 997) -104 724 and Heisei 9(1997)-333120). However, 
optical materials obtained from these compositions do not have a sufficient impact resistance. When an optical material 
has a smafl impact resistance, the optical material is required to have a thickness large enough for providing a practical 

so strength. This causes a critical problem for decreasing the thickness and the weight even though optical materials hav- 
ing a decreased thickness can be designed with respect to the high refractjvrty index. 

SUMMARY OF THE INVENTION 

55 [0008] The present invention has an object to provide a composition for a resin which exhibits an excellent balance 
between a sufficiently high refractjvrty index and a sufficiently high Abbe number and has a large impact resistance with- 
out adverse effects on heat resistance, tint performance and oxidation resistance, i.e., the properties which cannot be 
obtained as long as conventional compounds are used as the material; and to provide an optical material obtained by 
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curing the composrtion by polymerization. 

[00O9] The abject of the present Invention has been achieved by a composition for a resin which comprises: 

(a) a compound having one or more structures represented by the following formula (1) in one molecule: 

s 

R 2 R 3 
-S-R^C C-R 4 

10 v 

x (1) 

wherein Ft 1 represents a hydrocarbon group having 1 to 1 0 carbon atoms. R ? . R** and R 4 each represents hydrogen 
75 atom or a hydrocarbon group having 1 to 1 0 carbon atoms and X represents S or O; and 

(b) a compound having one or more isocyanate groups and/or thioisocyanate groups in one molecule; 
wherein a ratio [(liy(l)J of a total number (II) of isocyanate group and thioisocyanate group in compound (b) to a totaJ 
number (1) of episuHide group and epoxy group in compound (a) is 0 01 or more and 2.0 or less: and by a resin 
obtained by curing the composrtion described above by polymerization. 

so 

DES CR IP TIO N QF TH E P R EFERRED EMBODIMENTS 

[0010] In the present invention, the ratio [(10/(01 of a total number (M) of isocyanate group and thioisocyanate group 
in compound (b) to a total number (I) of episuffide group and epoxy group in compound (a) is 0.01 or more and 2.0 or 

25 less and preferably 0.05 or more and 1 .0 or less. 

When the ratio by mo) of the total of isocyanate group and thioisocyanate group to the total of episutfide group and/or 
epoxy group in compound (a) exceeds 2.0. heat resistance of the optical material obtained by curing the composition 
by polymerization decreases and a high refnactivity index is not exhibited. When the ratio is smaller than 0.01 , the 
impact resistance which is the object of the present invention is not obtained. 

30 [001 1] 7b obtain the large refractive index which is also the object of the present invention, it is preferable that R 1 in 
formula (1) represents methylene group or ethylene group and R 2 , R 3 and R 4 in formula (1) represents hydrogen atom 
or methyl group. It is more preferable that R 1 represents methylene group and R 2 . R 3 and R 4 represents hydrogen 
atom. 

[0012] Among the compounds having one or more structures represented by forrrvila ( 1) in one molecule, compounds 
35 represented by the following lormula (2) are preferable: 



f f 7 R 8 R 9 

R ^ C x ~ Cc H 2 S[(CH 2 ) m S] n CH 2 C^^ 



R 



10 



X (2) 



45 wherein R 5 to R 10 each represents hydrogen atom or a hydrocarbon group having 1 to 10 carbon atoms. X represents 
S or O excluding the case in which both X represent O, an average number of S represented by X is about 50% or more 
of a total number of S and O constituting the three-member rings, m represents 1 to 6 and n represents 0 to 4. 
[0013] In the above formula (2), R s to R 10 each preferably represent hydrogen atom or methyl group and more pref- 
erably hydrogen atom. 

so [0014] In formulae ( 1 ) and (2), X represents S or O. In formula (2), the case in which both X represent O is excluded, 
ft is preferable that X in formulae (1 ) and (2) represents S. 

[0015] Examples of compound (a) which is the compound having one or more structures represented by formula (1 ) 
in one molecule are as follows. Examples of the compound having one structure represented by formula (1) in one mol- 
ecule include bistp-eptthiopropyl} sulfide and compounds obtained by substituting at least one hydrogen atom of the 
as episuffide group in bis(B-epithiopropyi) sulfide with methyl group. Examples of the compound having two or more struc- 
tures represented by formula (1) in one molecule include: 



(A) Organic compounds having a chain aliphatic backbone structure to which two or more structures represented 
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by formula (1) are bonded. 

(B) Organic corrpounds having a cyclic aliphatic backbone structure to which two or more structures represented 
by formula (i) are bonded. 

(C) Organic compounds having an aromatic backbone structure to which two or more structures represented by for- 
5 mula ( 1 ) are bonded. 

The above compounds may also contain other structures such as sulfides, ethers, sul tones, ketones and esters in the 
molecule. 

[0016] Compounds (A) which are organic compounds having a chain aliphatic backbone structure are classified into 

10 compounds having a linear structure and compounds having a branched structure. Any of these compounds can be 
used. Preferable examples of these compounds include linear organic compounds such as bts(p-epithiopro- 
pylthio)methane, 1 ,2 -bis(p-epithiopfopylthio) ethane, i,3-bis{p-epithtopropyUhio)propane, l,2H*s*tVepithiopro- 
pylthio)propane. l^p-epithicpropyrthio)-2-[p-epHhiopropyl thiomethyl)propane, l.4-bfe(p-epithiopropytthio)butane. 1.3- 
brs(p-eprthioprcpyrttiio)butane. l^p-epimk)pfopyltr»io)-3-(p-epithk)propyhhiomethyl)butane. 1,5-bis<p-epithiopro- 

is pylthio)perrtane. l-(p^thiopropyithio)^-(p-epithio^ 1,6-t»s^epithiopropvtthjo)hexane. 1-(p- 

epithioprcpytmia)-5-(p-ec^iopro^ 1-(p'epithioprapyfthio)-2-K2-p-epithiopropylthioe- 
thyl)thro]ethane and i-(p-epttNopropyimio)-2Hp-(2-p-epithiopro^ branched organic 

compounds such as telrakis(p-epithioprcpytttiiornethyl)rnethane, 1,1.1-tris(p-epithiopropynhic4T^tnyl)propane, 1.5- 
bts(p-eprthicpropyltNo)-2-(p-epiM 1,5^is(p-epittiiopropyithio)-2,4-bis<rv-epithiopro- 

20 pyfthiomethvl)-3-thiapentane, 1-(p-eprtniopropytthio)-2,2^is(p-epithta^^ 1.S.6-tris(p-epith- 
iopropyl-thio)-4-(p^pitrtoprcpyHhk)metriyl)^-miahexane, l,8^s(p-epithroprcwtth'o)^-(p-epr^ 
3 r &-dithiaoctane, 1 ,8-bis^^tthiopropvtm^ 1 t 8-bis(&-eprthiopro- 

py^io)-4,4*is(p-epitJiicpropyfthicmethyJ)-3.6^ithiac^tane, 1 . 1 0^s(p-epithiopropyTthio)-5.6-bis[2-p-epitriiopropyrth- 
ioethyl)thio]-3.6,9-trithiadecane. 1.11 -bis(p-epfthiopropytthia)-5.7-[(2-p^tW 

25 trithiaundecane and l,ll-bis(p-ep»tjiiopropyttr^o)^ 1 7-bis(p-epimk^rcpyithiom and com- 

pounds obtained by substituting at least one hydrogen atom of the episulfide group in the above compounds with methyl 
group. 

[0017] Preferable examples of the organic compound having a cyclic aliphatic backbone structure include: com- 
pounds having one cyclic aliphatic backbone structure in one molecule such as 1,3- and 1 ,4-bis(rvepithiopro- 

so pylthio)cyclohexanes and 1.3- and 1.4-bis(p-epithiopropylthiomethvl)cyck>hexanes; compounds having two cyclic 
aliphatic backbone structures in one molecule such as bis[4-(p-epctfuopropylthio)cyctohexyl]rnethane, 2,2-bis[4-(p-epi- 
thiopropylthio)cyclohexyrjpropane. bis[4-(p-epithiopropytthio)cyclohexyG sulfide. 2.5-bis(p-epithiopropylthiomethyl)-i .4- 
dithiane and 2,5-bis(p-epithiopropyrthioBthytlhiomethyl)-1.4Kiithiane: and compounds obtained by substituting at least 
one hydrogen atom of the episutf ide group in the above compounds with methyl group. 

•is [0018] Preferable examples of the organic compound having aromatic backbone structures in the molecule include: 
compounds having one aromatic backbone structure in one molecule such as 1,3- and i .4-bis(p-epithiopropylthio)ben- 
2©nes and 1 ,3- and 1 .4-bis(t>epithiopropylthiome1hyl)benzenes; compounds having two aromatic backbone structures 
in one molecule such as bis{4-(ft-epfthiopropylthio)-phenyf]methane, g^-bis^-tp-epithiopropylthioJphenyQpropane. 
bis[4-{p-eptthkjprcpylthio)phenyf] sulfide. tHs[4-(p-eprthiopropylthio)phenyf| sulfone and 4,4'-bis(JS-epithiopro- 

4o pytthio)biphenyl; and compounds obtained by substituting at least one hydrogen atom of the episuttide group in the 
above compounds with methyl group. However, compound (a) is not limited to the above compounds shown as exam- 
ples. The above compounds may be used singly or as a mixture of two or more compounds. 

[0019] Among the compounds described above. bis(p-epithiopropyl) sulfide and bis(p-epithiopropytthio>ethane are 
preferable and bisttJ-epithiopropyl) sulfide is more preferable. 

45 [0020] Compound (b) used in the present invention is a compound hawing one or more isocyanate groups and thioi- 
socyanate groups in one molecule Examples of the compound having one or more isocyanate groups in the molecule 
include monotsocyanates such as methyl isocyanate. ethyl isocyanate, propyl isocyanate, isopropyl isocyanate. n-butyl 
isocyanate, sec-butyl isocyanate, tert-butyl isocyanate, pentyf isocyanate. hexyl isocyanate, octyl isocyanate, dodecyl 
isocyanate, cyciohexyi isocyanale. phenyl isocyanate and toluyl isocyanate; polyisocyanates such as diethylene diiso- 

so cyanate, tetramethytene diisocyanate, hexamethylene di isocyanate, cyclohexane diisocyanate, 1 ,3-bis(isocyanatome- 
thyOcycioheixane. i.4-bis(isc«;yanatomethyl)cyclohexane, isophorone diisocyanate. 2.6- 

bis(isocyanatome1hyI)decaJiydronaphthalene, lysine triisoeyanate, 1,3-phenylene diisocyanate. 1 ,4-phenylene diisocy- 
anate, 4,4*-diisocyanatobiphenyl, 4,4'-cfiisocyanato-3,3'-dimethylbiphenyl, l,1'-methyfenebis(4-isocyanatobenzene). 
1.1'-methylenebis(3-methyl-4-isocyanatobenzene), m-xylylene diisocyanate, p-xylylene diisocyanate, 1 ,3-bis(2-isocy- 
anato-2-propyl)benzeno and 2,6-bis(isocyanatomethy1)naprrthatene, dimers of these polyisocyanates obtained by the 
buret reaction; cyclic trimers of these polyisocyanates; and addition products of these polyisocyanates with alcohols 
and thiols. 

[0021] Examples of the compounds having one or more thioisocyanate groups in one molecule of compound (b) 
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include cornpounds obtained by replacing at) isocyanate groups in the above compounds having one or more isocy- 
anale groups in the molecule with thiasocyanate group 

(0022] Examples of the compounds having one or more isocyanate groups and one or more thio isocyanate groups 
in the molecule of compound (b) include compounds obtained by replacing a portion of the isocyanate groups in the 
above compounds having two or more isocyanate groups in the molecule with thioisocyanate group. 
[0023] However, compound (b) used in the present invention is not limited to the above compounds. The above com- 
pounds can be used singly or as a combination of two or more compounds 

[0024] A resin can be produced by curing compound (a) and compound (b) which constitute the composition of the 
present invention by polymerization under healing in the presence or in the absence of a curing catalyst. It is preferable 
that a curing catalyst is used. As the curing catalyst, amines, phosphines, mineral acids, Lewis acids, organic acids, sil- 
icic acids and tetrafluoroboric acid are used. Specific examples of the curing catalysts are as follows: 

(1) Primary monoamines such as etnytamine. n-propytamine. sec-propytemine. n-butylarrvine, sec-butytamine, isc- 
butylamine, tert-butylamine, pentytamine, hexylamine. heptylamine. octylamine. decylamine. laurylamine. myri- 
stylarrine, 1 ,2-dimethylhexylamine, 3-pentylamine, 2-ethylhexylamine, allylarnine. aminoethanol, 1- 
aminopropanol, 2-aminopropanot, aminobutanol. aminopentanol. aminohexanol. 1.2-, 1.3- and 1 ,4-bisaminocy- 
clohexanes, 1,3- and 1,4-bisaminomethylcyclohexanes. 1.3- and 1.4-bisaminoethylcyclohexanes. 1,3- and 1.4- 
bisaminopropylcydohexanes. hydrogenated 4.4 , -diaminodiphenylmethane. 2- and 4-aminopiperidines, 2- and 4- 
amrnomethylpiperidines, 2- and 4-aminoethylpiperidines. N-arninoethytpiperidine, N-aminoprcpylpipertdine, N-amt- 
noethylmorpholrne. N-aminopropylmorpholine. isophoronediamine, merrthanediamine, 1 .4-bisaminopropylpipera- 
dine, o-, m- and p-phenylenediamines, 2,4- and 2,6-tolylenediamines. 2.4 toluenediamine, m-aminobenzylamine, 
4-chioroK)-phenylenediamine. tetrachloro-p-xylylenedjarmne, 4-methoxy-6 -methyl -m- phenyl en ediamine, nv and p- 
xylylenediamines. 1,5- and 2.6-naphthalenediamines, benzidine, 4.4"-bis(o-toJuidine). dianisidine, 4.4-diamin- 
Odiphenylmethane. 2, 2-(4,4'-diaminodipheny1) propane, 4,4*-diaminodiphenyl ether, 4,4 , -thiodianiline, 4.4 , -diamin- 
odiphenyt sultone. 4.4'-diaminod"rtolyl sulfone. methylenebis(o-chioroaniline), 3.9-bis(3-anrrinopropyi)-2.4.8.10- 
tetraoxaspiro[5.S]undecane. diethyienetriamine. iminobispropylamine. methytiminobispropylamine, bis<hexanieth- 
ylenejtriamine. tri ethyl enetetramine, tetraethylenepentamrne. pentaethylenehexamine. N-arnrnoethylpiperadine. N- 
aminopropyfpiperadine, 1 ,4-bis(aminoethylpiperadine). 1 ,4-bis(aminopropylpiperadine) t 2.6-diaminopyrtdine and 
bis(3.4-diaminophenyl) suftone; secondary monoamines such as diethylamine, dipropylamine, di-n-butylamine, di- 
sec-butylamine, diisobutylamine. di-n-pentylamine, di-3-pentyiamine, dihexylamine. dioctylamine, dif2-ethyt- 
hexyl)amine, methylhexyl amine, dialrylamine, pyrrolidine, piperidine, 2-, 3- and 4-picolines, 2.4 , 2,6- and 3.5-lupe- 
ttdines. diphenylamine. N-methylaniline. N-ethy (aniline, dfcenzy (amine, methylbenzyiamine. dinaphthylamine. 
pyrrol, indoline, indole and morpholine; secondary polyamines such as N.N'-dJmethylethylenediamine, N.N'^dime- 
thyl-1,2-diaminopropane, N.N'-drmethyl-1.3-diaminopropane, N.N'<limethyi-1.2-diaminobutane, N.N-dimethyl-1 ,3- 
diaminobutane, N,N'<limethyl-1,4-diani)nobutane. N,N^imethyl-1,5H*aminopentane, N,N'-dimethyI-l ,6-diamino- 
hexane, N,N'-dimetinyl-l,7-diarninoheptane. N.N<liethyiethylenediarnine, N,N'-diethvl-i.2<Jiaminopropane, N,N'- 
diethyl-1,3-diaminopropane. N.N'-diethy)-t,2-d»aminobutane. N.N' -diethyl 1,3-diaminobutane, N,N'-diethyl-1 .4- 
diaminobutane, N.N'-diethyl-i ,6-diaminohexane, piperadine, 2-methytptperadine, 2,5- and 2,6-dimethylpiper- 
adines. homopiperadine. l.l-dK^ipendylJmethane, 1 ,2-di-(4-piperidyl)ethane. 1.3-di-{4-piperidyl)propane. 1.4- 
di(4-ptperidyf)butane and tetramethylguanidine: tertiary amines such as trim ethyl amine, triethylamine, tri-n-pro- 
pylamine, triisopropy (amine, tri-1,2-cfimethylpropylamine, tri-3-methoxypropy1amine, tri-n-buty (amine, tri- 
isobutylamine. tri -sec-fouty (amine, tri-n-penty) amine. tri-3-penty)amine, tri-n-hexylamine. tri-n-octylamine. tri-2- 
ethylhexyl amine, tridodecylamine. trilauryiamme. cacyctohexytethylamine. cyclohexyWiethylamine. tricyclohexy- 
lamine, N.N-dimethylhexylamtne, N-methyldihexy famine, N.N-dimethylcyclohexylamine. N-mefhyldicyctohexy- 
lamine. N,N-diethylethanolamine, N.N-dimethylethanolamine. N-ethyldiethanoJamine. triethanolamine, 
tribenzylamine, N,N-dimethylbenzylamine, diethyfbenzyl amine, triphenylamine, N,N-dimethylamino-p-cresol. N.N- 
dimethylaminomethylphenol. 2-(N,N-dimethylaminomethyl)phenol, N, N-dimethy Ian i fine. N.N-diethylaniline, pyrid- 
ine, qui noli ne. N-methylmorpholine, N-methylpiperidine and 2-(2-dimethylaminoethoxy)-4-methyi-1.3.2<lioxabofn- 
ane; tertiary polyamines such as tetramethyl-ethylenediamine. pyrazine. N.N'-dimethytpyrazine. N,N'-bis((2- 
hydroxy)-propyl)piperadine, hexamethylenetetramine, N^N.N'.N'-tetramethyl-l ,3-butaneamine, 2-dimelhyIamjno'2- 
hydroxypropane. diethyaminoethanol, N,N, N-tris(3-dimethylaminopropyl) amine, 2,4.6-tris(N. N, N-dimethylami- 
nomethyljphenol and heptam ethyl isobiguanide; imidazoles such as imidazole. N-methylimidazole, 2- methyl imida- 
zole, 4-methylirnidazole. N-ethyl imidazole, 2-ethyl imidazole. 4-ethylimidazole, N-butylimidazole, 2-butylimidazole, 
N-undecyl imidazole, 2-undecylimidazole, N-phenyii mid azote. 2-phenylirrridazole, N-benzylimidazole. 2-benzylimi- 
dazole. 1-benzyl-2-methy1imidazole. N-(2'-cyanoethyl)-2-methy (imidazole. N-(2-cycanoethyl)-2-urvdecylimidazole. 
N-(2'-cyanoethvl)-2-pheny1imidazole l 3.3-bis(2-etriyl-4-methyIimidazolyl)rnethane. addition products of alkylimida- 
zoles and i so cyan uric acid and condensation products of alky I imidazoles and formaldehyde; and aniidines such as 
1,8Kiiazabicyclo(5,4,0)undecene-7,1.5^tazabk:yda(4,3.a)n 
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ckH5.4.0)undecen&-7. 

(2) Salts of the amines descrbed above in (1) with mineral acids. Lewis acids, organic acids, silicic acid and 
tetraf luoroboric acid. 

(3) Quaternary ammonium sails such as tetramethytamrnonium chloride, tetramethylammonium bromide, tetrame- 
s thylarrtmonium acetate, tetraethylammonium chloride, tetraethylammonium bromide, tetraethylammonium acetate. 

tetra-n-butyiammonium fluoride, tetra-n-butylammonium chloride, tetra-n-butylammonium bromide, tetra-n-buty- 
lammonium iocSde. tetra-n-butyl ammonium acetate, tetra-n-butylammonium borohydride. tetra-n-butylammonium 
hexaflucrophosphite, tetra-n-butylammonium hydrogensutfite, tetra-n-butylammonium tetrafiuoroborate. tetra-n- 
bLrtylammonium tatraphenylborate, tetra-n-butylammonium para-toluenesulfanate, tetra-n-hexytarnrnanium chlo- 

10 ride, tetra-n-hetxylarnmonium bromide, tetra-n-hexytemmonium acetate, tetra-n-octylammonium chloride, tetra-n- 

octylammonium bromide, tetra-noclylammonium acetate, trimethyl-n-octytammoniurn chloride, trimethylbenzylam- 
monium chloride. trimethylbenzylammonium bromide, triethyl-n-octylammonium chloride, triethylbenzylamnx>nium 
chloride, triethyfoenzyl ammonium bromide. tri-n-b«tyl-rvoctylammonium chloride. tri-n45uty1benzytammonium fluo- 
ride, trinbutylbenzylammonium chloride, m-rvbutylbenzylarnmonium bromide, tri-n-butylbenzyl ammonium iodide, 

is methytb-iphenylammoaium chloride, methyltriphenylarnmonium bromide, ethyttriphenylammonium chloride, ethylt- 

riphenylammonium bromide, n-butyltriphenylammonium chloride, n-butyltriphenylammonium bromide, i-menthyl- 
pyridinium bromide. 1-ethylpyridinium bromide. 1-n-butylpyridinium bromide, 1-n-hexylpyridinium bromide, 1-n- 
octylpyridinium bromide. 1 -n-dodecylpyridinium bromide. 1-n-phenytpyridinium bromide. 1-methylpicolinium bro- 
mide, 1-ethylpinolinium bromide, 1-n-butylpicolinium bromide, 1 -n-hexylpicolinium bromide. 1 -n-octylpicolinium 

20 bromide. 1 -n-dodecylpicolinium bromide and 1-phenylpicolinium bromide. 

(4) Phosphonium salts such as tetramethylphosphonium chloride, tetramethylphosphonium bromide, tetraethyl- 
phosphonium chloride, tetraethylphosphonium bromide, tetra-n-butylphosphonium chloride, tetra-n-butylphospho- 
nium bromide, tetra-n-butylphosphonium iodide, tetra-n-hexylphosphonium bromide, tetra-noctylphosphonium 
bromide, m Blhyta i ph enytphosphoni um bromide, methyltriphenytphosprKjnium iodide, ethyttriphenylphosphonium 

25 bromide, ethyltrtphenylphosphonium iodide, n-butyltriphenylphosphonium bromide, n-butyltriphenylphosiphonium 

iodide, n-hexyitriphenylphosphonium bromide, n-octyltriphenylphosphonium bromide, tetraphertylphospbonium 
bromide, tetrakishydroxymetrtylphosphonium chloride. tetrakishydroxymethylphosphonium bromide, tetrakishy- 
droxyethylphosphonium chloride and tetrakishydroxybutylphosphoniurn chloride. 

(5) Sulfonium salts such as trimethyteulfonium bromide, triethylsulfonium bromide, tri-n-butyteulfonium chloride, tri- 
ad n-butytsurfonium bromide, tri-n-butylsulfonium iodide, tri-n-butyl sulfonium tetrafluoroborate, tri-n-hexylsulfonium 

bromide, tri-n-octylsutfonium bromide, triphenylsurfonium chloride, trrphenylsulfonium bromide and triphenylsulfo- 
nium iodide. 

(6) ladoniurn sails such as diphenyliodonium chloride, dipherryliodonium bromide and diphenytiodonium iodide. 

(7) Complexes of the amines described above in (1) with borane and trifluoroboron. 

H5 (8) Phosphines such as trimethylphosphine, trietrtylphosphine, triisopropylphosphine, tri-n-butylphosphine, tri-n- 

hexylphosphine, tri-n-octytphosphine. tricyclohexylphosphine, triphenytphosphine, tribenzylphosphine. tris<2-meth- 
ylphenyljphosphine. tris(3-methyiphenyl)phosphine. tris(4-methytphenyl)phospriine. tris-(diethyfamino)phosphine, 
tris{4-methylphenyl)phosphine, dimethylphenylphosphine, diethylphenylphosprtne. dicyclohexyolphenylphos- 
phine. ethyldrphenylphosphine, diphenyfcyclohexylphosphine and chlorodiphenylphosphine. 

40 (9) Mineral acids such as hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid and carbonic acid. Half- esters 

of these mineral acids can also be used. 

(10) Lewis acids such as boron trrfluoride and boron trifluoride etherates. 

(11) Organic acids and half-esters of organic acids. 

(12) Silicic acids and tetraf luoroboric acid. 

45 (13) Compounds of tin such as dibutyltin dilaurate. cfibutyltin dichloride and tributyitin chloride. 

[0025] Among these compounds, primary monoamines, secondary monoamines, tertiary monoamines, tertiary 
polyamines. imidazoles, amidines, quaternary ammonium salts, phosphines and tin compounds are preferable 
because these compounds cause little coloring of the cured products. Compounds having one or less group which can 

so react with the episulf ide group such as secondary monoamines, tertiary monoamines, tertiary polyamines, imidazoles, 
amidines. quaternary ammonium salts and phosphines are more preferable. These compounds may be used singly or 
as a mixture of two or more compounds. The above curing catalyst is used in an amount generally in the range of 
0.0001 to 1 .0 mol, preferably in the range o1 0.0001 to 0.5 mol. more preferably in the range of 0.0001 mol or more and 
less than 0.1 mol and most preferably in the range of 0.0001 to 0.05 mol per 1 mol of the compound having one or more 

.« structures represented by formula (1) in one molecule. When the amount of the curing catalyst exceeds 1.0 mol. the 
refractiviry index and heat resistance of the cured product decrease and the cured product is colored. When the amount 
is less than 0.0001 mol, the curing does not proceed sufficiently and heat resistance becomes insufficient. 
£0026] ft is also possible that compounds having one or more SH groups is used in the material obtained by curing 
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the composition of the present invention by polymerization as an antioxidant component singly or in combination with 
conventional antioxidants to provide the material with a further improved oxidation resistance and strength. Examples 
of the compound having one or more SH groups include mercaptans, thiophenols and mercaptans and thiophenols 
having unsaturated groups such as vinyl group, aromatic vinyl groups, methacryl group, acryl group and ally group. 
Specific examples of the mercaptan include mono mercaptans such as methyl mercaptan, ethyl mercaptan, n -propyl 
mercaptan. n -butyl mercaptan. allyl mercaptan. n-hexyl mercaptan, n-octyl mercaptan, n-decyl mercaptan. n-dodecyl 
mercaptan. n-tetradecyl mercaptan, n-hexadecyl mercaptan, n-octadecyl mercaptan, cyclohexyl mercaptan, isopropyl 
mercaptan. tert-butyl mercaptan. tert-nonyl mercaptan. tert-dodecyl mercaptan, benzyl mercaptan, 4-dhlorobenzyl 
mercaptan, methyl thtoglycolate, ethyl thioglycolate, n-butyl thioglycolate, n-octyl thioglycolate, methyl (3-mefcaptopro- 
pionate). ethyl (3-mercaptopropionate). 3-methoxybuty) (3-methyipropionate). n -butyl (3-mercaptopropionate). 2-ethyl- 
hexyi (3-mercaptopropionate), n-octyl {3-mercaptopropionate), 2-mercaptoethano]. 3-mercaptoethanol. 2- 
mercaptopropanol, 2-hydroxypropylmercaptan, 2-phenyl-2-mercaptoethanol, 2-phenyl-2-hydraxyethylmercaptan, 3- 
mercapto-1 .2 -propanediol and 2-mercapto-1 ,3-propanediol; and polymer cap tans such as methanedithioJ, 1,2-dtmer- 
captoethane, 1 ,2-dimercaptopropane, 2,2-dimercaptopropane. 1,3-dimercaptopropane, 1 ,2.3-trimercaptopropane, 1.4- 
dimercaptotxitane, 1 ,6-dimercaptohexane, bis(2-m e rcaptoethy I) sulfide, 1 ,2-bis(2-mercaptoethylthro)ethane. 1,5- 
dimcrcapto-3-oxapentane. 1 ,8-dimercapto-3.6-dioxaoctane, 2.2-c5methylpropane-1.3-dithiol. 3.4-dimettioxybutane- 
1.2-drthiol. 2-rnercapt am ethyl -1 .3-dimercaptopropane. 2-mercaptomBthyl-1 .4-dimercaptobutane. 2-(2-mercaptoethyl- 
thioJ-1 ,3-dimercaptopropane, 1 ,2-b^2-mercaptMmytthio)-3-iif^captopropane 1 1 , 1 ,1 -trts<rnercaptomethyl) propane. 
tetrakis-(mercaptomethy) methane, ethylene glycol bis(2-mercaptoacetate), ethylene glycol bis(3-mercaptopropionate), 
1 ,4-butanediol bis(2-mercaptoacetate). 1.4-butanediol bis(3-mercaptopropionate). trimethyiolpropane tns{2-mercap- 
toacetate), trimethylolprapane tris(3-mercaptopropianate), pentaerythritol tetrakis(2-mercaptoacetBte). pentaerythritol 
tetrakjs(3-mercaptopropioriate). 1 ,1-dimercaptocyclohexane, 1,4-dimercaptocyclohexane, 1,3-dimercaptocydohex- 
ane. 1,2-dimercaptocyclohexane. l.4-bis(mercaptom ethyl) cyclohexane, l.3-bis-(mercaptomethyl)cyclohexane. 2.5- 
bis(mercaptornethyl)-1,4-dithiane. 2,5-bfs{2-mercaptoethy)-1,4-dithiane, 2,5-bis(meTcaptomethyl)-1-thiane, 2,5-bis(2- 
mercaptoethyf)-l*thiane, 1.4-bis(nxfrcaptome1hyl)benzene, 1,3-bis(mercaptomethyl)benzene. bis<4-mercaptophenyl) 
sulfide. bis(4-rnereaptophenyf) ether. 2,2-bis(4-mercaptophenyl)propane 1 r3is(4-mercaptornethylphenyl> sulfide. bis(4- 
mercaptomethylphenyl) ether. 2,2-bis(4-mercaptomethy1phenyl)propane. 2.5-dimercapto-1.3.4-thtadiazoJe. 3,4-thi- 
ophenedithiol, 1 ,2-dimercapto-3-propanol, 1 ,3-dimercapto-2-propanol and glyceryl dithioglycofate. 
[0027] Specific examples of the thiophenof include thiophenol. 4-ter t-butylthiophenol, 2-methyfthiophenol, 3-methyl- 
thiophenol, 4-methytthiophenol, 1 ,2-dimercaptobenzene. 1 ,3-dimercaptobenzene, 1 .4-dimercaptobenzene. 2-hydrox- 
ythiophenol, 3-hydroxythiophenol and 4-hydroxythiophenoL 

[0028] Specific examples of the mercaptans and thiophenols having unsaturated groups are as follows 
[0029] Specific examples of the mercaptan having unsaturated groups include allyl mercaptan, 2-vinylbenzyl mer- 
captan, 3-vinytbenzyf mercaptan and 4-vinylbenzyl mercaptan. 

[0030] Specific examples of the thiophenol having unsaturated groups include 2-vinylthiophenol, 3-vtnylthiophenol 
and 4-vinytthiophenoL 

[0031] The above compounds may be used singly or as a corrtwnation erf two or more compounds. The above com- 
pounds can be used in an amount of 0.001 to 80 parts by weight per 100 parts by weight or the composition of the 
present invention. 

[0032] To improve the tint performance of the material obtained by curing the composition of the present invention by 
polymerization, carboxylic acids, mercaptocarboxy lie adds, hydroxycarboxylic acids, amides, 1,3-diketones, 1,3-dicar- 
boxylic acids, esters of 1 ,3-dicarboxylic acids. 3-ketocarboxylic acids, esters of 3-ketocarboxyfic acids, and compounds 
having unsaturated groups may be used in combination as the component to improve the tin performance. 
[0033] Examples of the carboxylic acid include formic acid, acetic acid, propionic acid, butyric acid, valeric acid, cap- 
roic acid, caprylic acid, methyl mercaptopropionate, oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, 
cyclohexanecarboxylic acid, benzoic acid, o-toluic acid, m-toluic acid, p-toluic acid, 2-methoxybenzoic acid, 3-methoxy- 
benzoic acid, phthalic acid, isophthalic acid, terephthalic acid. thkxJipropionic acid and dithiodipropionic acid. 
[0034] Examples of the mercaptoearboxylic acid include thioglycolic acid, 2-thiopropionic acid. 3-thiopropionic acid, 
thiolactic acid, mercaptosuccinic acid, thiomalic acid. N*(2-mercaptopropionyl)glycine, 2-mercaptobenzoic acid. 2-mer- 
captonicotinic acid, 3,3-dithioisobutyric acid, dithsoglycolic acid, and dithiopropicnic acid. 

[0035] Examples of the hydroxycarboxylic add include hydroxyacetic acid, a-hydroxypropionic acid, p-hydroxypropi- 
onic acid, «-hydroxybutyric acid, ft-hydroxybuty he acid, y-hydroxybutyric acid, salicylic acid, 3-hydroxybenzoic acid and 
4-hydroxybenzoic acid. 

[0036] Examples of the amide include tormamide, N-methylformamide, acetamide, N-methylacetamide, phthaiamide, 
isophthatamide. terephthal amide, benzamide. toluamide. 4-hydraxybenzamide and 3-hydroxybenzamide. 
[0037] Examples of the 1,3-diketone include acetylacetone and cyclohexane-1 ,3.5-trione. 

[0038] Examples of the 1 ,3-cficarboxytic acid and the ester thereof include malonic acid. 2-methylmalonic acid and 
mono- and diesters thereof. 



EP 0 936 233 A2 



[0039] Examples of the 3-ketocarboxylic acid and the ester thereof include acetoacettc acid and esters thereof. 
[0040] As specific examples of (he compound having unsaturated groups, alcohols, phenols, mercaptans, thiophe- 
rwte, morcaptoalcohols, carboxylic acids and amides having unsaturated groups are shown in the following. 
[0041] Examples of the alcohol having an unsaturated group include monohydroxy compounds such as 2 -hydroxy e- 
thyl msthacrylate. 2-hydroxyethyl acrylate. 3-hydroxypropyl methacrylate, 3-hydroxypropyl acrylate. 2-hydroxypropyl 
methacrylate, 2-hydroxypropyl acrylate, 1 ,3-dtmethacrytoxy-2-propanol, 1,3-diacryloxy-2-propanol, t-aoryioxy-3-meth- 
acry1oxy-2-propanoi, pentaerythritol trimethacrylate. pentaerythritol triacryfate. bis(2.2,2-trimethyioJethy1) ether pen tam- 
ethacrvlate. bista^^-trimethylolethyl) ether pentaacrylate. trimethylolpropane drmethacrylate, trimethylolpropane 
diacrylate, allyl alcohol, erotyf alcohol, methyl vinyl carbinol, cinnamyl alcohol, 4-vinylbenzyl alcohol, 3-vinylbenzyl alco- 
hol, 2-(4-viny1benzytthio)ethanol, 2-(3 -vinyl benzylthiojethanol, i,3-bts(4-vinylbenzylthio)-2-propanol, l,3-bis(3-vinyl- 
benzyrmio^-propanol, 2,3-bis(4-vtnylbenzytthio)-1-pTopanol. 2.3-bts(3-vinylbenzyhhio)-1 -propanol, 3-phenaxy-2- 
hydroxy I propyl acrylate, 2-hydroxyethyl isocyanurate bis(acrylate). 2-hydroxyethyl isocyanurate bis(methacrylate}. 2- 
hydraxyethyl cyanurate bis(acrylate). 2-hydroxyethyl cyanurate bis(methacrylate), 3-methyt-l-butyn-3-ol, 3-methyi-l- 
pentyn-3-of and propargyl alcohol; pdyhydroxy compounds such as pentaerythritol dimethacrylate, pentaerythritol dia- 
crylate. pentaerythritol monometrvacrylate, pentaerythritol monoacrylate, trimethylolpropane monomethacrylate, tri- 
methylolpropane monoacrylate, 2-hydroxyelhyl isocyarturate mono (acrylate), 2-hydroxyethyl isocyanurate 
mono(methacry1ate). 2-hydroxyethyl cyanurate mono(acrylate) and 2-hydroxyethyl cyanurate mono(methacrytate); and 
unsaturated poJyhydroxy compounds formed by the addition reaction of acrylic acid or methacrytic acid with epoxy com- 
pounds which are described later such as 2,2-r^[4^2-hydraxy-3-metriacTyloxypr^^ 

[0042] Examples of the phenol having an unsaturated group include 2-vinylphenol, 3-vinylphenol and 4-vinytphenol. 
[0043] Examples of the mercaptoaJcohol having an unsaturated group include 2-(4-vinylbenzylthio)-2-mercaptoetha- 
nol and 2-(3-vinybenzy1thio)-2-niercaptoethanol. 

[0044] Examples of the carboxylic acid having an unsaturated group include acrylic acid, methacrylic acid, crotonic 

acid, monohydroxy ethyl acrylate phthalate, maleic acid, lumaric acid, rnonoatlyl phthalate and ctnnamic acid. 

[0045] Examples of the amide having an unsaturated group include amides of <x,f> unsaturated carboxylic acids such 

as acrylic acid, methacrytic acid, maleic acid, maleic anhydride and tumaric acid; and N-vinytformarride. 

[0046] From the standpoint of heat resistance, preferable examples of the above compounds include mercaptoalco- 

hols. hydroxythiophenols and aJcohote having unsaturated groups. 

[0047] The above compounds may be used singly or as a mixture of two or more compounds. The above compounds 
can be used in an amount of 0.001 to 40 parts by weight per 100 parts by weight of the composition of the present 
invention. 

[0048] The composition for a resin of the present invention can be used for producing a resin by curing by polymeri- 
zation in combination with a compound having two or more functional groups which are reactive with the epi sulfide 
group and/or the epoxy group in compound (a), a compound having one or more functional groups which are reactive 
with the episulf ide group and/or the epoxy group in compound (a) and one or more other homopolymerizable functional 
groups, a compound having one or more homopolymerizable functional group or a compound having one homopolym- 
erizable functional group which is reactive with the episulf ide group and/or the epoxy group, in addition to the above 
antioxidant components and components for improving the tint performance. Examples of the compound having two or 
more functional groups which are reactive with the episulf ide group and/or the epoxy group in compound (a) include 
epoxy con-pounds, conventional episuWide compounds and anhydrides of polybasic carboxylic acids. 
[0049] Examples of the compound having one or more functional groups which are reactive with the episuff ide group 
and/or the epoxy group in compound (a) and one or more other homopolymerizable functional groups include epoxy 
compounds, episuKide compounds and carboxyfic acid anhydrides having unsaturated groups such as methacryl 
group, acryl group, ally! group, vinyl group and aromatic vinyl groups. 

[0050] Examples of the compound having one or more homopolymerizable functional group include compounds hav- 
ing unsaturated groups such as methacryl group, acryl group, allyl group, vinyl group and aromatic vinyl groups. 
[0051 ] Specific examples of the compound having two or more functional groups which are reactive with the episulf ide 
group and/or the epoxy group are as follows. 

[0052] Specific examples of the epoxy compound include epoxy compounds derived from phenols which are pro- 
duced by condensation of epihafohydrins with polyhydric phenols such as hydroquinone, catechol, resorcinol, bisphe- 
r»o) A. bisphenol F, bisphenol suffone, bisphenol ether, bisphenol sulfide, halogenated bisphenol A and novolak resins; 
epoxy compounds derived from alcohols which are produced by condensation of epihalohydrins with polyhydric alco- 
hols such as ethylene glycol, dielhyiene glycol, triethylene glycol . polyethylene glycol, propylene glycol, dipropylene gly- 
col, polypropylene glycol, 1,3 -propanediol, 1 ,4-butanediol, 1,6-hexanediol, neopentyl glycol, glycerol, 
trimethylolpropane trimethacrylate. pentaerythritol. 1.3- and 1 .4-cycfohexanediols. 1.3- and 1 ,4-cyclohexanedimeth- 
anote hydrogenated bisphenol A, abducts of ethylene oxide and bisphenol A and adducts of propylene oxide and 
bisphenol A; epoxy compounds of glycidyl esters which are produced by condensation of epihalohydrins with polybasic 
carboxylic acid compounds such as adipic acid, sebacic acid, aodecandicarboxylic acid, dimer acid, phthalic acid, iso- 
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phthalic acid, terephthalic acid, tetrahydrophthalic acid, metrryttetrahydrophthalic acid, hexahydrophthalic acid, hexahy- 
droisophthalic acid, hexahydroterephthalic acid, HET acid, nadic acid, maleic acid, succinic acid, fumaric acid, trimellitic 
acid, benzenetetracarbcaylic acid, terizophenonetefracarboxyUc acid, naphthalenediearboxylic acid and diphenyWicar- 
boxyfic acid: epoxy compounds derived from amines which are produced by condensation of epthalohydrins with pri- 
s mary amines such as ethylenediamine, 1,2-diamirwpropane. 1 ,3-diaminopropane. 1,2-diaminobutane, 1,3- 
diaminobutane, 1 ,4-diaminobutane. 1,5-diaminopentane. 1,6-diaminoriexane, 1,7-diaminoheptane, 1.8-diaminooctane. 
bis(3-arntnopropylJ ether, 1 ,2-pis(3-arninopropoxy)etriana 1 1,3-bis(3naminopropoxy)-2.2'-dimethylpropane. 1.2-, 1.3- 
and 1 ,4-bisaminocydohexanas. 1,3- and 1,4-bisaminomethylcyclohexanes. 1.3- and 1 .A-tNSaminoethykydohexanes. 

1.3- and l,4^saminopfopylcyclohexanes, hydrogenated 4,4-diaminodiphenytmethane. isophoronediamine, 1,4- 
10 bisaminopropylpiperadine, m- and p-phenylenediamines, 2.4- and 2,6-toJylenediamines. m- and p-xyiyionediamines. 

1.5- and 2.6-riaphthalenediamines. 4. 4'-dia mi nodi phenyl methane. 4,4 , -diaminodiph6nyi ether and 2.2-{4.4-diamin- 
odiphertyl) propane, and secondary amines such as N.N' -dim ethyl ethyl en edi amine, N,N*-dimethyl-i,2-diaminopropane. 
N, N'-cS methyl- 1 ,3-diaminopropane. N.N'-dimethyl-1.2-diaminobutane. N,N'^rrnethyl-1,3-diaminobutane, N.N*-dimethy1- 

1.4- diaminobLrtane. N.N', dim ethyl -1 ,5-diaminopentane, N,N*-dimethyl-1,6-diaminohexane. N.N'-dimethyl-1 ^-diamine- 
's heptane, N,N'-dietnyletnylenediamine, N.N'-cSethyM ,2-diaminopropane, N,N'-diethyf-1 ,3-diaminopropane. N,N'-die- 

thy)-1 .2-cfiarranobLrtane. N,N-die1r^-1.3-diaminobutane. N.N'KJiethyJ-1,4<liamnrKJbutane. N.N'-diethyM .6- 
diaminohexane. piperadine, 2-methylpiperadine. 2.5- and 2.6-dimethyipiperadines, homopiperadine. 1 , 1 -di(4-piper- 
ady I) methane, 1,2-di(4-piperidyl)ethane, 1 ,3-di(4-piperkJyl)propane and 1 ,4-di{4-piperidyl)butane; alicyclic epoxy com- 
pounds svch as 3,4-epoxycyclohexyi 3,4-epoxycyclohexanecarboxylate, vinyJcyclohexane dioxide, 2-(3,4- 
20 epoxycydohexyQ-S.S-spiro-S^epoxycydohexane-metadioxane and bis(3,4-epoxycyclohexyl) adipate; epoxy com- 
pounds produced by epoxidation of unsaturated compounds such as cyclopentadiene epoxide, epaxidized soy bean oil. 
epoxidued polybutadiene and vinylyclohexene epoxide; and epoxy compounds of urethane produced from the above 
polyhydric alcohols and phenols, diisocyanates and glycidol. 

(0053) Examples of the episulfide compound include episulide compounds obtained by converting a portion of the 
25 epoxy group or the entire epoxy group in the above epoxy compounds into episulf ide group. 

10054] Examples of the polybasic carboxytic acid anhydride include anhydrides of Ihe acids described above as the 
compounds which produce the epoxy compounds by the condensation with epihalohydrins. 

10055] Specific examples of the compound having one functional group which are reactive with the episulf ide group 
and/or the epoxy group in compound (a) and one or more other homopolymerizable functional groups are as follows. 

30 10056] Examples of the epoxy compound having unsaturated groups include vinylphenyl glycidyl ether, vinytbenzyl 
glycidyl ether, glycidyl methacrylate. glycidyi acrylate and altyi] glycidyl ether. Examples of the episuttide compound 
having unsaturated groups include compounds obtained by replacing the epoxy group in the above epoxy compound 
having unsaturated group with episulfide group, such as vinylphenyl thioglycidyl ether, vinyJbenzyl thioglycidyl ether, thi- 
oglycidyl methacrylate, thioglycidyl acrylate and ally thioglycidyl ether. 

35 (0057] Examples of the compound having one or more homopolymerizable functional groups include compounds hav- 
ing a structure of an ester of acrylic acid or methacrylic acid and a mono- or polyhydric alcohol such as methyl acrylate. 
methyl methacrylate, ethyl acrylate, ethyl methacrylate. ethylene glycol diacrylate. ethylene glycol dimethacrylate. 
dtethyiene glycol diacrylate, diethyl en 9 glycol dimethacrylate, tri ethyl one glycol diacrylate, trielhylene glycol dimethacr- 
ylate, polyethylene glycol diacrylate. polyethylene glycol dimethacrylate. 1.3-butylene glycol diacrylate, 1 ,3-butylene 

40 glycol dimethacrylate, 1 ,6-hexanedioJ diacrylate, 1,6-hexanedioi dimethacrylate, neopentyl glycol diacrylate. neopentyl 
glycol dimethacrylate, polypropylene glycol diacrylate, polypropylene glycol dimethacrylate, 2.2-bis r 4-(acry- 
loxyethoxy)phenyl]propane. 2.2-bis[4-<mett»acryloxyethoxy)phenyl]propane, 2.2-bis[4-(acryfoxy * diethoxy)prtenyl]pro- 
pane, 2,2-bis[4-(methacry1oxy *diethoxy)phenyf]propane. 2,2-bis[4-(acryloxy • polyethoxy)phenyl]propane, 2,2-bis[4- 
(rrmthacryloxypolyethoxyjphenyljpropane, trimethylolpropane triacrylate, trimethyfolpropane trim ethacry late, pen- 

45 tarythritol tetraacrylate, pentaerythritol tetramethacrylate. bis(2.2.2-trimethylolethyl) ether hexaacrylate and bis(2,2,2- 
trimethylol ethyl) ether hexamethacrylate; allyl compounds such as allyl sutfide, dtallyt phthalate and diethylene glycol 
bisallylcarbonate; vinyl compounds such as acrolein, acrylonrtrile and vinyl sulfide; and aromatic vinyl compounds such 
as styrene, (l-methyfstyrene, methylvinylbenzene, ethylvinylbenzene. rr.-chlorostyrene, chlorovinylbenzene, vinylbenzyl 
chloride, para-divinyibenzene and meta-divinytbenzene. 

so [0058] Preferable examples of the compound having one homopolymer cable functional group which is reactive with 
the episulfide group and/or the epoxy group include compounds having one epoxy group or episulfide group. Specific 
examples of such compounds include mono epoxy compounds such as ethylene oxide, propylene oxide and glycidol; 
glycidyl esters of monocarboxylio acids such as acetic acid, propionic acid and benzoic acid; glycidyl ethers such as 
methyl glycidyl ether, ethyl glycidyl ether, propyl glycidyl ether and butyl glycidyl ether; monoepisuttides such as ethyt- 

55 one sulfide and propylene sulfide; thioglycidyl esters having a structure derived from the above monocarboxyfic acids 
and thioglycidol (1,2-epithia-3-hydroxypropane); and thioglycidyl ethers such as methyl thioglycidyl ether (1 ,2-epithio- 
propyloxymethane), ethyl thioglycidyl ether, propyl thioglycidyl ether and butyl thioglycidyl ether. Among these com- 
pounds, compounds having one episulfide group are preferable. 
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(0059] When the compound having two or more functional groups which are reactive with the episutfide group and/or 
the epoxy group in compound (a) in the composition of the present invention and the compound having one functional 
group described above and one or more other homopolymerizable functional groups is used, the resin can be produced 
by curing by polymerization in the presence of a curing catalyst. As the curing catalyst, the amines, the phosphines and 

s the acids described above can be used. Examples of the curing catalyst are the same as those described above. 

[0060] When the compound having unsaturated groups is used, it is preferable thai a radical polymerization initiator 
is used as the polymerisation accelerator. Any compound forming a radical by heating or by irradiation of ultraviolet light 
or electron beams can be used as the radical polymerization initiator. Examples ot the radical polymerization initiator 
include the following conventional polymerization catalysts used under heating: peroxides such as cumyl peroxyneo- 

w decanoate, diisopropyl peroxydicarbonate, diallyl peroxydicarbonate. di-n-propyl peroxydi carbonate, dimyristyi peroxy- 
dicarbonate. cumyl peroxyneohexanoate. tert-hexyl peroxyneodecanoate. tert -butyl peroxyneodecanaate. tert-hexyl 
peroxyneohexanoate, tert-butyl peroxyneohexanoate. 2,4-dichlorobenzoyl peroxide, benzoyl peroxide, dicumyl perox- 
ide and di-tert-butyl peroxide, hydroperoxides such as cumene hydroperoxide and tert-butyl hydroperoxide, and azo 
compounds such as 2.2'-azobis(4-rnethoxy-2.4<iimethy1valeronitrile). 2,2'-azor*s{2-cy(^opropylpropionitrile). 2.2 , -azo- 

rs bis-(2,4-dimethylvaleronitrile}, 2,2'-azobisisobutyronrtrile. 2,2'-azobis(2-methy[butyronitrile), 1,1'-azobis(cyciohexane-1- 
carbonrtrile) , i-|(l-cyano-l^ettTyletr^l)azo]forrnamide, 2-phenylazo-4-methoxy-2,4-dimethylvaleroniirile, 2,2'-azo- 
bis(2-methylpropane) and 2.2'-a20bis(2,4.4-trimethylpentane); and conventional photopolymerization catalysts such as 
benzophenone and benzoin benzoinmethyl ether. Among these compounds, peroxides, hydroperoxides and azo com- 
pounds are preferable and peroxides and azo compounds are more preferable. Most preferable examples indude azo 

20 compounds such as 2,2'-azobis{4-metrK3xy-2,4<iimethylvaleronifrile). 2.2'-azoWs(2^ycloprapylpropionitrile). 2,2'-azo- 
bis-{2,4-dtmetliylvaleronitrite), 2,2'-azobisisobutyronitrile, 2,2'-azctois(2-methyfbutyronitrile), l.r-azobistcyclohexane-l- 
carbonitrile), 1-I{1-cyano-1^ettiyletrtyl)azo]forrrtamide, 2-phenylazo-4-melhoxy-2,4-dimethylvaleronitriJe, 2,2'-azo- 
bis(2-metrtylpropane) and 2,2'-azcbis(2,4,4-trimethy1pentane. The above compounds may be used singly or as a mix- 
ture of the compounds. 

25 [0061 ] The amount of the radical polymerization initiator is different depending on the components of the composition 
and the process for curing and cannot be decided. The amount is generally in the range of 0.01 to 5.0% by weight and 
preferably in the range of 0.1 to 2.0% by weight based on the total amount of the composition. 

[0062] When optical materials are obtained by curing the composition of the present invention by polymerization, it is. 
of course, possible that conventional additives such as aniioxidartts and ultraviolet light absorbents are added to 

30 improve the practical properties of the obtained materials. When the composition of the present invention tends to be 
cleaved from molds during polymerization, ft is necessary that conventional external and/or internal adhesion improvers 
are used or added to control and improve adhesion between the cured material obtained and the mold. Examples of 
the internal adhesion improver include si lane compounds such as 3-methacryloxypropyltrimethoxysilane, 3-glyctdoxy- 
propyltrimethoxysilane, N-<2-aminoethyl)-3-aminopropyltrimethoxysilane and 3-mercaptopropyltrimethoxysiIane. The 

■35 internal adhesion improver can be used in an amount of 0.0001 to 5 parts by weight per 1 00 parts by weight of the com- 
position of the present invention. On the other hand, when the composition of the present invention tends to show diffi- 
culty in cleavage from molds after the polymerization, it is possible that the property to release the obtained cured 
material from the molds is improved by using or adding a conventional external or internal mold release. Examples of 
the internal mold release include nonionic surfactants containing fluorine, nonionic surfactants containing sificon. qua- 

40 ternary alky! ammonium salts, esters of phosphoric acid, esters of hydrogenphosphoric acid, esters of phosphoric acid 
of oxyalkylene types, alkali metal salts of esters of hydrogenphosphoric acid, alkali metal salts of hydrogenphosphoric 
acid of oxyalkylene types, metal salts of higher fatty acids, esters of fatty acids, paraffin, wax. higher aliphatic amides, 
higher aliphatic alcohols, poJysiloxanes and addition products of ethylene oxide to aliphatic amines. 
[0063] When compound (a) and compound (b) as the materials and. optionally, the above components for improving 

45 the oxidation resistance and strength, the agents for improving the tint performance, the curing catalysts and the com- 
pounds having unsaturated groups and reactive with the episutfide group and/or the epoxy group such as glycidyl meth- 
acrylate and thioglycidyl methacrylate (a compound obtained by converting epoxy group of glycidyl methacryiate into 
episutfide group) are used in the curing of the composition of the present invention to obtain optical materials, radical 
polymerization initiators, radical pdymerizable monomers and other additives such as adhesion improvers, antioxidants 

so other than the above antioxidants and ultraviolet absorbents are mixed with the above materials and the prepared mix- 
ture is cured by polymerization to produce optical materials such as lenses. The mixture is cast into a mold made of 
glass or metal and cured by heating and the cured product is then taken out of the mold. 

[0064] When compound (a), compound (b) and auxiliary materials can react by themselves, it is possible that, before 
the casting into a mold, a preliminary reaction of the entire amount or a portion of the above compounds is conducted 
at -100 to 160°C for 0. 1 to 100 hours in the presence or the absence of a catalyst while being stirred or not stirred with- 
out other ingredients and/or in combination with other reactive materials and/or auxiliary materials to prepare an inter- 
mediate composition and then the prepared intermediate composition is cast into a mold. The auxiliary materials 
described above are the components for improving the oxidation resistance and strength, the agents for improving the 
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tint performance and a compound selected from the compound having two or more functional groups reactive with the 
episutfide group and/or the epoxy group o1 compound (a), the compound having one or more functional groups reactive 
with the episutfide group and/or the epoxy groLp of compound (aj and one or more homopolymerizable functional 
groups, the compound having one or more hornopolymerizabfe functional groups and the compound having one 

t homopolymerizable functional group which is reactive with the episutfide group and/or the epoxy group. When the 
above compounds cannot react by themselves, the compounds can be treated similarly in combination with other reac- 
tive materials and/or auxiliary materials. That the compounds can react by themselves means that the materials and 
the auxiliary materials comprise compounds which cannot react by themselves alone or that the materials and auxiliary 
materials are composed of a plurality of components which cannot react by themselves and cannot react with each 

10 other. 

[0065] The curing time is 0.1 to 200 hours and generally 1 to 100 hours. The curing temperature is -10 to 160"C and 
generally -10 to 140°C. The polymerization can be conducted by the steps of holding the temperature at a specific 
polymerization temperature for a specific period of time, increasing the temperature at a speed of 0. 1 to 1 00°C/hour and 
decreasing the temperature at a speed of 0-1 to 100"C/hour. A combination of these steps may be conducted. To 

75 remove strains from the optical material of the present invention, it is preferable that the material obtained after the cur- 
ing is annealed at a temperature of 50 to 150°C for about 10 minutes to 5 hours. Where necessary, the prepared mate- 
rial may have treatments of tinting, formation of hard coat, prevention of reflection and prevention of clouding. 
[0066] The process for producing the Optica) materia) by curing the composition of the present invention by polymer- 
ization is described more specifically in the following. The main materials and auxiliary materials are mixed together as 

20 described above and the obtained mixture is cast into a mold and cured. Compound (a), compound (b) and components 
which are optionally used, i.e.. the compound having two or more functional gnxxss reactive with the episutfide group 
and/or the epoxy group, the compound having one or more functional groups reactive with the episutfide group and/or 
the epoxy group and one or more homopolymerizable functional groups, the compound having one or more homopol- 
ymerizable groups, the compound having one homopolymerizable functional group which is reactive with the episutfide 

26 group and/or the epoxy group, the antioxidants, the curing catalysts, the radical initiators, the adhesion improvers and 
the stabilizers, may be mixed together in one vessel at the same time in the entire amounts. Alternatively, the compo- 
nents may be added stepwise. Some components may also be mixed together separately in advance and the obtained 
mixtures may be mixed together in one vessel. The main materials and the auxiliary materials may be mixed together 
in any desired order. In general, the temperature of mixing and the time of mixing are not limited as long as the compo- 
se nents can be sufficiently mixed together. However, an excessively high temperature and an excessively long time are 
not preferable because undesirable reactions takes place between the components to increase viscosity and the oper- 
ation of casting becomes difficult. The temperature of mixing should be in the range of about -20 to lOO^C. preferably 
in the range of -10 to 50"C and more preferably in the range of -5 to 30"C. The time of mixing is in the range of 1 minute 
to S hours, preferably in the range of 5 minutes to 2 hours, more preferably in the range of 5 to 30 minutes and most 

.75 preferably in the range of about 5 to 15 minutes. It is preferable that degassing under a vacuum is conducted before, 
during or after mixing the materials and the additives to prevent formation of bubbles during casting and curing in the 
mold. The pressure of the degassing is 0. 1 to 700 mmHg and preferably 10 to 300 mmHg. To obtain a better quality of 
the optical material of the present invention, it is preferable that impurities are removed by filtration using a microfilter 
having a pore diameter of about 0.1 to S jim or the like before the casting. 

40 [0067] To summarize the advantages obtained by the present invention, by using the optical material obtained by cur- 
ing the composition of the present invention by polymerization, the resin optical material having an excellent balance 
between a sufficiently high refractivity index and a sufficiently high Abbe number can be provided with a large impact 
resistance without adverse effects on heat resistance, tint performance and oxidation resistance. In other wards, the 
above combination of properties which cannot be obtained as long as conventional compounds are used as the mate- 

45 rial can be achieved. 

EXAMPLES 

[0068] The present invention is described more specifically with reference to the following examples. However, the 
so present invention is not limited to the examples. The obtained polymers were evaluated in accordance with the following 
methods. 

[0069] Refractivity index (nD) and Abbe number (vD): The refractivity index and the Abbe number were measured at 
25° C using an Abbe refractometer. 

[0070] Impact resistance: The impact resistance was measured by dropping an iron ball to a flat plate having a thick- 
ss ness of 2.5 mm from the height of 127 cm. Th weight of the ball was increased with an increment of 10 g starting from 
10 g until the plate was broken. The impact resistance was expressed as the impact energy required to break the plate. 
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Example 1 

[0071 ] To 1 00 parte by weight of a mixture containing 75 parts by weight of bis(B-epithiopropyt) sutttde as compound 
fa), 20 parts by weight of m-xylylene diisocyanate as compound (b) and 5 parts by weight of n-butyl thioglycoiate as 

5 another component 0-5 parts by weight of tetrabutylammonium bromide as the catalyst. 0. 1 part by weight of 2,6-d»- 
tert-butyl-4-methylphenol as the antioxidant and 0. 1 part by weight of 2-(2-hydroxy-5-tert-octylphenyf)ben20tria20le as 
the ultraviolet light absorbent were mixed and the obtained mixture was stirred at a room temperature to obtain a homo- 
geneous solution. The obtained composition was cast into a mold for a lens and cured by polymerization under heating 
while the temperature was raised from 1 0"C to 1 20"C during 22 hours in an oven to prepare a lens. The obtained lens 

10 had a large impact resistance, showed excellent tint, tint performance, heat resistance and oxidation resistance. The 
lens not only had excellent optical properties and physical properties but also showed an excellent surface condition 
with little striae or surface deformation. The properties of the prepared lens are shown in Table 1 . 

Examples 2 to 12 

TS 

[0072] The same procedures as those conducted in Example 1 were conducted except that the formulation was 
changed as shown in Table 1 and the catalyst shown in Table 1 was used in an amount also shown in Table 1 per 100 
parts by weight of the composition. The results are shown in Table 1 . 

[0073] In all cases, the prepared lens had a large impact resistance and showed excellent tint performance, heat 
20 resistance and oxidation resistance. The lens not only had excellent optical properties and physical properties but also 
showed an excellent surface condition with little striae or surface deformation. The properties of the prepared tens are 
shown in Table 1 . 

Comparative Example 1 

25 

[0074] The same procedures as those conducted in Example 1 were conducted using 100 parts by weight of bis((3- 
eptthiopropyl) sulfide as compound (a) The results are shown in Table 2. The impact resistance was small because 
compound (b) was not used. 

so Comparative Example 2 

[0075] The same procedures as those conducted in Example 1 were conducted using 95 parts by weight of b*s(p- 
epithiopropyl) sulfide as compound (a) and 5 parts by weight of n-butyl thioglycolate as the antioxidant component. The 
results are shown in Table 1 . The impact resistance was small because compound (b) was not used. 

.15 

Comparative Examples 3 and 4 

[0076] The same procedures as those conducted in Example 1 were conducted in accordance with the formulations 
shown in Table 1 . The results are shown in Table 1- The impact resistance was small because the relative amounts of 
40 compound (b) to compound (a) were outside the range of the present invention. 



Table 1 



45 




formulation (parts by weight) 


optical properties 


impact 
resistance 
(J) 






(a) 


(b) 


other 


catalyst 




v D 




SO 


Example 1 


BES (75) 


XD1 (20) 


BTG (5) 


TBAB (1) 


1.68 


36 


3.6 


Example 2 


BES(75) 


XDI(20) 


BTG(5) 


TBPB(0.2) 


1.68 


36 


3.7 




Example 3 


BES (80) 


XDI (15) 


BTG (5) 


TBAB (1) 


1.69 


36 


3.0 




Example 4 


BES (75) 


XDI (20) 


BMES (5) 


TBAB (1) 


1.69 


36 


3.1 


as 


Example 5 


BES (50) 


XDI (25) 


BMES (25) 


TBAB (1) 


1.68 


36 


3.7 




Example 6 


BES (30) 


XDI (30) 


BMES (40) 


TBAB (1) 


1.67 


37 


3.9 




Example 7 


BES (75) 


XDTI (20) 


BTG (5) 


TBAB (0.5) 


1.70 


35 


2.9 
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Table 1 (continued) 





formulation (parts by weight) 


optical properties 


in ipau 

resistance 
(J) 




(a) 


(b) 


other 


catalyst 


n D 


V D 




Example 6 


BES<75) 


XDTI(20) 


BTG(5) 


TBPB(O.I) 


1.70 


35 


3.1 


Example 9 


BES (75) 


XDI (20) 


BTG (5) 


TBAB (1) 


1.68 


36 


3.6 


Example 10 


BES (75) 


IPDI(20) 


BTG (S) 


TBAB (1) 


1.66 


39 


3.5 


Example 11 


BES (SO) 


JPDI(15) 


BTG (5) 


TBAB (1) 


1.67 


38 


O ft 


Example 12 


BETE (80) 


IPDI(15) 


BTG (5) 


TBAB (1) 


1.66 


39 


3.3 


Compara- 
tive Example 
1 


BES (100) 






TBAB (1) 


1.71 


36 


1.6 


Compara- 
2 


BES (95) 




BTG (5) 


TBAB (1) 


1.70 


36 


1.5 


Compara- 
tive Example 
3 


BES (30) 


XDI (65) 


BTG (5) 


TBAB (1) 


1.62 


39 


1.8 


Compara- 
tive Example 
4 


BES (99) 


XDI(1) 




TBAB (1) 


1.71 


36 


1.6 


Notes: 

BES: bis(p-epithiopropyl) sulfide 
BETE: bts(p-epithiopropytthio) ethane 
XD1: m-xylytene diisocyanate 
XDTI: m-xylylene dithroisocyanate 
IPDf: isophorone diisocyanate 
BTG: n-butyl thioglycolate 
BMES: bis(jHnercaptoetfiyl) sulfide 
TBAB: tetra-n-butylammonium bromide 
TBPB: tetra-n-butylphoephonium bromide 



Claims 



1 . A composition for a resin which comprises: 

(a) a compound having one or more structures represented by the following formula (1) in one molecule: 

R 2 R 3 
-S-R^c C~R 4 

X CD 

wherein R 1 represents a hydrocarbon group having 1 to 10 carbon atoms, R 2 , R 3 and R* each represents 
hydrogen atom or a hydrocarbon group having 1 to 10 carbon atoms and X represents S or O: and 

(b) a compound having at least one selected from isocyanate group and thioisocyanate group in one molecule; 
wherein a ratio [(IIJ/(l)] of a total number (II) of isocyanate group and thioisocyanate group in compound (b) to 
a total number (I) of episuffide group and epoxy group in compound (a) is 0.01 or more and 2.0 or less, 
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2. A composition according to Claim 1 , wherein compound (a) is a compound represented by the following formula 
(2): 

f f f R 9 

X (2) 

wherein R 5 to R 1U each represents hydrogen atom or a hydrocarbon group having 1 to 10 carbon atoms. X repre- 
sents S or O excluding the case in which both X represent O, an average number of S represented by X is about 
50% or more of a total number of S and O constituting the three-member rings, m represents 1 to 6 and n repre- 
sents 0 to 4. 

3. A composition according to Claim 2. wherein X in formula (2) represents S- 

4. A resin obtained by curing the composition described in any of Claims 1 and 2 by polymerization. 

5. An optical material obtained by curing the composition described in any of Claims 1 and 2 by polymerization. 
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